Owing to the growing emergence of the end-of-life electrical and electronic products with complex material structures and an ever-diminishing particle size of the valuable metals involved, development of eddy current separators (ECS) has been targeting selective separation of small non-ferrous metal particles smaller than 5 mm. Separability of various materials smaller than 5 ram, including fine copper wires, has been investigated using ECS with various design concepts. The present research work is divided into two parts, with Part focusing on the rotating type ECS which are today common in practice, and with Part II dedicated to the ECS with novel concepts such as wet ECS technology. In Part I, three rotating belted-drum ECS were employed, which are manufactured by Bakker Magnetics, the Netherlands, Huron Valley Steel Co., US, and Eriez Magnetics, UK respectively. It is found that the belted-drum ECS are effective for separating materials below 5 mm if the magnetic drum rotates in opposite direction to the conveyor belt. The separation principle, particularly the "backward phenomenon" of the rotating type ECS for small particles has been unravelled in the present study. Moreover, separation of AI from the 0-10 mm fraction of electronic scrap has been conducted. The results obtained demonstrate that the belted-drum ECS with appropriate design may be applicable for separation of small aluminum particles from electronic scrap.
INTRODUCTION
The design and performance of the rotating belted-drum type eddy current separators have been improved substantially in the last ten years, due primarily to the advance of the magnet materials and magnet configurations, and to a better understanding of the separation mechanisms [1] [2] [3] . Yet, problems associated with separation of small particles, remain in particular, those smaller than 5 mm. Therefore, the current development ofeddy current separators (ECS) has been directed to selective separation of small non-ferrous metal particles.
In the present study, separability of various materials of 3 mm size, including fine copper wires, has been investigated using different semi-automatic cutting machine. A 3 kg electronic scrap sample was obtained in the way shown in Fig. 1 . The light fraction of the air jig separation, consisting essentially of aluminum and various plastics, was used in the present study. Its particle size distribution is presented in Fig. 2. 
Equipment to be Used
The rotating belted-drum eddy current separators (RBECS) used are illustrated in Fig. 3 respectively, were employed. Several major characteristics of the equipment, that are relevant to their performance, are compared in Table I .
The Separability Investigation
The separability of the materials was characterized by their distribution in an array of the collection bins which were placed in front of the conveyor belt pulley, as shown in Fig. 3 The separability of small particles with Eriez ECS was carried out by adjusting its splitters, instead of using the collection bins.
3. EXPERIMENTAL RESULTS
Separability of 3 mm Particles
Binary mixtures of A1/Cu and PVC with 3 mm particle size were pro- Figure 8 shows that approxiately 85 % Al can be separated from a mixture of A1 and PVC of 3 mm size with almost 100% purity, as the magnetic drum spins in "Backward" direction. However, with the magnetic drum spinning in the "Forward" mode, less than 50% of A1 can be recovered.
Unfortunately Huron ECS can be operated only in the "Forward" mode. The material distribution of the mixtures of A1-PVC and Cu-PVC is presented in Figs. 9 and 10. It appears that when compared to Bakker ECS in the "Forward" mode, less conducting particles are mixed up with non-conducting ones. Yet, selective separation of small metal particles from non-metal ones is still difficult.
Based on a comparative investigation on three belted-drum ECS, it is found that a selective separation of metal particles below 5 mm may be established by spinning the magnetic drum in the "Backward" mode. This is referred to as the "backward phenomenon" in the present study. Therefore, the rotating belted-drum ECS tentatively designed for pro- where s is the shape factor related to the magnetization of a particle, s' is the shape factor related to the characteristic decay time ofeddy currents, B a is the amplitude of the magnetic field, k is the number of pairs of the magnets in a drum, COdrum is the angular velocity of the magnetic drum, R is the characteristic particle size, w is the width of one pair of the magnets, cr is the electrical conductivity, p is the mass density and #0 47r x 10 -7 Tm/A.
For simplicity, the following analysis is done for a spherical particle, due mainly to the fact that the spherical particle is orientation-independent. In the case of Bakker ECS (k 9 and C0drum 1007rrad/s), accelerations of aluminum particles, which are computed by using Eqs. (2)- (4), are given in Fig. 11 , as a function of #0kcoarumcrR -(in which R is variable from 1.0 to 25.0mm). It is clear from Fig. 11 that, for a small particle, the dominant acceleration is the one from the electromagnetic torque and the radial acceleration is negligible, whereas for a large particle the predominant acceleration is in the radial direction. Thus, it follows, in terms of Fig. 1, that: aT )) at > ar 0 (R < 5 mln)
a,. >> at < aT (R > 20 ram).
Evaluation of Eq. (2) shows that the radial force acting on a small particle is so feeble that it is unable to lift up the particle, which instead rotates with the field due to a strong electromagnetic torque. Figure 12 illustrates the rotation of a small conducting particle with the field and (10)
For the rubber belt of Bakker ECS that is used in the present study, fd is about 1.1 on average, so that fag is about 10 m/s 2. It must also be pointed out that the belt is used for such a long time that it is covered with dirt, thereby rendering the belt surface even rougher.
The average tangential acceleration of small particles as a function of the drum speed and particle size are shown in Fig. 13 
